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1. Introduction
 
   Caterpillars belonging to the order Lepidoptera are 
some of the most voracious crop feeders known to infest 
cotton, soybean, and alfalfa. Helicoverpa armigera (Hübner) 
(Lepidoptera: Noctuidae) (H. armigera) popularly known as 
the American bollworm, pod borer or Gram caterpillar is a 
pest of importance damaging a wide variety of food, fibre, 
oil seed, fodder and horticultural crops[1]. It has developed 
several fold resistance to almost all the synthesized 
chemicals and is a serious pest of several economically 
important agricultural crops and has a host range that 
includes 181 plant species belonging to 45 plant families[2]. 
H. armigera is the most significant and impactful pest of 
agriculture in Asia, Europe, Africa and Australasia, causing 
damage to crops estimated at greater than US$2 billion 
annually. Although restricted to the old world, H. armigera 
has long been recognized as a serious biosecurity threat to 
the Americas, where it has the potential to establish across 
up to 49% of the North American continent with far greater 
anticipated potential economic loss to corn and cotton 
than that of Helicoverpa zea[3]. Between growing seasons 
of year 2011-13 high infestation is seen in Brazil[4]. In the 
past it has affected several crops in Peru[5], chick pea in 
Uganda[6], sorghum and tobacco in Queensland[7], grapevine 
in Hungary[8], maize in Argentina[9], apples and tobacco in 
China[10,11], beans in Malawi[12] and lettuce in Japan[13]. In 
India, heavy loss was observed during 1983-90 in Punjab, 
Andhra Pradesh, Tamil Nadu and Karnataka[14,15]. Recently, 
H. armigera has also caused severe infestation in asparagus 
fields in Taiwan and Australia[16].
   An array of systemic, contact and broad-spectrum 
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Objective: To evaluate a formulation from the milky mangrove tree Excoecaria agallocha L. (E. 
agallocha) against Helicoverpa armigera Hubner (H. armigera).  
Methods: About 3% aqueous ethanolic spray formulation derived from the lipophilic extract of E. 
agallocha (dry leaf) was evaluated against H. armigera in Abelmoschus esculentus (lady’s finger) 
and Cajanus cajan (C. cajan) (pigeon pea), under field conditions.
Results: On the 9th day of the 4th spray the larval count in the plot treated with 3% E. agallocha 
formulation drastically came down to 0.23 larva/plant, compared to 1.63 in the ethanol control 
plot and 1.60 in the unsprayed plot. Blocks sprayed with 3% E. agallocha formulation yielded 
35.8 quintals/hectare (q/ha) of healthy pods compared to Ekalux® (pod yield: 60.7 q/ha), 3% Vijay 
Neem® (60.22 q/ha), yield plot (6 q/ha) and ethanol control (7 q/ha). In C. cajan, 1% E. agallocha, 
3% Nimbecidine® and 0.07% indoxacarb were equally potent in reducing the larval population 
of H. armigera and the non-target pest Spilosoma obliqua to 0%, from the 9th day (3rd spray). 
Indoxacarb plot recorded the maximum yield of 16.1 q/ha with 2.4% pod damage. Plots sprayed 
with 1% E. agallocha yielded 14.7 q/ha with 2.32% pod damage. The effect of 3% Nimbecidine® 
spray (14.35 q/ha) was comparable to E. agallocha formulation. Unsprayed and ethanol control 
plots yielded 12.41 and 11.2 q/ha of pods with an average pod damage of 4.7%. 
Conclusions:  E. agallocha formulation was found to be promising for the control of H. armigera, 
under field conditions.
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synthetic pesticides and other formulations were used 
to control H. armigera. Chloropyriphos, phosalone and 
malathion effectively reduced the pest incidence[17]. Among 
the group of carbamate and pyrethroid insecticides tested 
against 3rd instars larva of H. armigera in cotton under 
in vitro conditions, Lorsban® 40 EC showed the maximum 
efficacy of 100% mortality followed by Larvin® 80 DF (72%) 
and Lannate® 40 SP (52%)[18]. Indoxacarb, an artificially 
synthesized pyrazoline from DuPont®, under the trade names 
Steward® and Avaunt® has been having a real impact on the 
lives of farmers[19].
   Despite such a strict regimen H. armigera has developed 
several fold resistance to several insecticides in almost 
all the countries. These include endosulphan, thiodicarb 
and methomyl in Australia[20], cyhalothrin, cypermethrin, 
methomyl, monocrotophos and phoxin in China[21], 
monocrotophos, ethion, chloropyrifos and profenphos in 
Pakistan[22]. In India, H. armigera has shown resistance 
to several insecticides including fenvalerate and 
cypermethrin[23], endosulphan, monocrotophos, phosalone, 
fenvalerate and deltamethrin[24]. After 15 years of Bt-cotton 
planting in Northern China, H. armigera has demonstrated 
very strong resistance to fenvalerate (from 43-830 fold) and 
low levels of resistance to phoxim (3-8.9 fold)[25]. Brazil, 
the 4th largest agricultural producer has faced H. armigera 
infestation in the summer 2012 and 2013, resulting in more 
than $5 billion in lost crop production, despite farmers 
spraying with traditional insecticides and using insect-
resistant GM crop varieties[26]. Individuals of H. armigera 
were found to survive and reproduce on commercial Bt-
cotton hybrids containing single (cry1 Ac) and double 
(cry1 Ac and cry2 Ab) genes, in the experimental plots 
of University of Agricultural Sciences (Raichur campus) 
India[27].
   The unscrupulous use of synthetic chemical pesticides 
has created an alarming condition that beckons a need 
for alternative pest control strategies that are viable and 
biologically safe. Among the botanical extracts tested 
ethyl acetate extract of Solanum pseudocapsicum showed 
promising antifeedant and insecticidal activities against 
Spodoptera litura (S. litura) and H. armigera by deforming 
the larvae, pupae and adults[28]. The efficacy of neem 
formulations on H. armigera has been proved[29]. Among 
pure molecules, friedelin exhibited antifeedant (84.57% 
and 75.28%), larvicidal (72.88% and 66.00%) and pupicidal 
(76.18% and 66.66%) activities against H. armigera and S. 
litura respectively with LC50 values of 130.47 and 226.41  mg/
L for antifeedant and 509.56 and 607.99 mg/L for larvicidal 
activities against H. armigera and S. litura respectively[30]. 
Among leaf extracts, Achyranthes aspera, Acorus calamus, 
Chrysanthemum cinerariefolium, Derris elliptica, Datura 
alba, Annona squamosa tested, 60% antifeedant activity was 
observed in Annona squamosa[31].
   Excoecaria agallocha L. (E. agallocha) is well known for 
its biocidal effects on salt marsh mosquito Culex sitiens and 
fresh water organisms and phytoplankton[32,33]. Crystalline 
pentacyclic triterpenoids, taraxerone and taraxerol along 
with the epicuticular wax, n-hentriacontane were proved to 
be detrimental to H. armigera by damaging in the midgut of 
the larva[34]. Nevertheless, its anti-pest property under field 
conditions was never tested against any pests, including 
H. armigera. Thus, the present study was to focus on field 
evaluation of a lipophilic, ethanolic formulation of E. 
agallocha in Abelmoschus esculentus (A. esculentus) (lady’s 
finger) and Cajanus cajan (C. cajan) (pigeon pea).
 
2. Materials and methods
2.1. Chemicals and glassware
   Glassware (Schott-Duran®, Wertheim, Germany) were 
initially cleaned with detergent (Protasan® DS), rinsed with 
distilled water and dried in hot air oven. Analytical grade 
solvents (Merck®, New York, USA) were used for extraction. 
Bacteriological media (HiMedia®, Mumbai, India) were 
autoclaved at 121 °C/15 min before plating.
2.2. Plant collection and extraction
   Fresh E. agallocha plant material (100 kg) was collected 
from the Pichavaram mangroves (Lat. 11°25’ N, Long. 79°48’ 
E), Chidambaram District, Tamil Nadu, India. The plants 
were identified by Dr. Eganathan P. (Botanist), Principal 
Scientist, Tissue Culture and Bioprospecting Laboratory, M. 
S. Swaminathan Research Foundation, and were transported 
to the laboratory within 6 h. Leaves were separated, washed 
thoroughly with tap water and shade dried (temperature: 41 
°C, relative humidity: 76%) for 25 d, after which they were 
coarsely ground in a mixer (Preethi®, Chennai, India). A total 
of 30 kg of the dry powder was distributed in 100 L conical 
flasks and extracted (percolation method) with hexane 
(Merck®, New York, USA) for 3 d at room temperature. The 
process was repeated thrice and the pooled filtrate was 
condensed in a rotary evaporator R-200 (Buchi®, Flawil, 
Switzerland) to yield the crude extract.
2.3. Cultures of beneficial soil bacteria
   Slant cultures of Azospirillum lipoferum, Burkholderia 
cepiaca, Bacillus licheniformis, Bacillus megaterium, 
Bradyrhizobium japonicum and Pseudomonas flourescens 
were obtained from the Department of Microbiology, M. S. 
Swaminathan Research Foundation, Chennai, India.
2.4. Formulation studies
2.4.1. Preliminary solubility test
   About 5 mg of the extract was dissolved in 50 µL of 
acetone, acetonitrile, benzene, butanol, carbon tetrachloride, 
ethanol, hexane, heptane, isopropyl alcohol, propanol and 
tetrahydrofuran (THF) separately. The amount of extract 
was gradually increased till 3 g/mL, where solubility of the 
extract was observed in each step till the saturation limit 
(Table 1). Out of various solvents tested, 10 mL of hexane, 
ethanol and THF were able to solubilize more than 1 g 
(X-max) of the crude extract. Due to toxicity, hexane was not 
selected for further testing. 
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Table 1
Solubility of E. agallocha extract in various solvents (without 
emulsifier).
Solvent (1 mL) Polarity Extract (mg)
Hexane 0.0  3 000
Heptane 0.0    970
Benzene 3.0  1 000
Butanol 3.9      90
Propanol 4.1      90
THF 4.2 >1 000
Acetone 5.4      90
Acetonitrile 6.2      45
Ethanol 5.2      90
Methanol 6.6      90
2.4.2. Preparation of basic formulations (with & without 
emulsifiers)
   About 3 g of crude hexane extract was dissolved in 10 
mL of THF, ethanol and various combinations of both the 
solvents. Observations were made at 15 min, 30 min, 1 h and 
24 h and non-uniform formulations were rejected (Table 2). 
Finally, 3 g of the crude extract was emulsified with 850 mg 
of Tween-20, Span-80 and Triton X-100 and dissolved in 10 
mL A (THF), B (ethanol) and 4:1 (A:B) combination selected 
from the preliminary study. The stability of five different 
combinations of both the mixtures was checked for 15 min, 
30 min, 1 h and 24 h duration. Rejection was done based on 
the formation of insoluble solid residue on the top of the 
solution and the consistency of the formulation. As THF and 
other combinations were non-uniform after 24 h, ethanol was 
selected for the final formulation (Table 3). Ethanol has an 
ideal boiling point (78.4 °C) and flash point (13 °C) and least 
toxic when compared to other organic solvents.
Table 2
Combination studies with promising formulations (without emulsifiers).
Formulation Stability Selection
100% A Precipitate formation Rejected
100% B Precipitate formation Rejected
1 mL A+4 mL B Precipitate formation Rejected
2 mL A+3 mL B Precipitate formation Rejected
4 mL A+1 mL B Uniform Considered
A: THF; B: Ethanol. Extract: Solvent-3 g/10 mL concentration.
2.4.3. Preparation of final formulation
   About 5 g of extract emulsified with 830 mg of Triton X-100 
and dissolved in 20 mL of ethanol was made up to 500 mL of 
water (1% aqueous ethanolic formulation). This solution was 
found to be stable for 30 d at room temperature.
2.5. Toxicity assay with non-target soil bacteria 
   About 0.5%, 1% and 2% of E. agallocha ethanol formulation 
was prepared in glass vials in which, sterile filter paper 
discs (HiMedia®, Chennai, India) were soaked overnight 
and dried thoroughly in an air draft for 4 h before the assay. 
Cultures of Azospirillum lipoferum, Burkholderia cepiaca, 
Bacillus licheniformis, Bacillus megaterium, Bradyrhizobium 
japonicum and Pseudomonas flourescens were derived from 
their respective slants and added to 2 mL of the nutrient 
broth that was incubated at 37 °C/18 h. A total of 100 µL of the 
culture was spread on the Mueller-Hinton agar plate and 
assayed with the formulation. Triplicates were made for each 
organism. Activity was measured with the zone of inhibition 
using a meter scale and documented. The mean of average 
of three plates were tabulated.
Table 3
Combination studies with promising formulations (with emulsifiers).
Formulation Emulsifier Stability Selection
100% A Tween-20 Precipitation Rejected
100% A Span-80 Precipitation Rejected
100% A Triton X-100 Precipitation Rejected
100% B Tween-20 Precipitation Rejected
100% B Span-80 Precipitation Rejected
100% B Triton X-100 Uniform Considered
4 mL A+1 mL B Tween-20 Moderately uniform Rejected
4 mL A+1 mL B Span-80 Moderately uniform Rejected
4 mL A+1 mL B Triton X-100 Moderately uniform Rejected
A: THF; B: Ethanol. Extract: Solvent-3 g/10 mL concentration.
2.6. Multi-location field trials with E. agallocha formulation
2.6.1. A. esculentus (lady’s finger)
   The trial was performed in the month of January. Seeds 
of A. esculentus var. Arka anamika were procured from 
the seed shop (Chennai). Applications of Azospirillum, 
phosphobacteria, farmyard manure, neem oil cake were 
done with thorough ploughing. Furrows were made according 
to random block design. Field preparation was done and 
individual plots (4.5 m伊3 m) were created based on (random 
block design). Seeds were sown with a spacing of 45伊30 cm, 
such that three seeds were sown in one pit. Irrigation was 
done using a hosepipe (diameter: 2 inches). Life irrigation 
was done after a day. Germination was observed after 3 d. 
On the 5th day, watering was again done to support growth. 
Thinning of the field was done on the 8th day, such that 
100 plants were maintained/plot. To control aphids, jassids 
and shoot borer during the initial period of growth, 0.02% 
Endrin® and Malathion® were sprayed once. On the advent 
of H. armigera infestation, the pesticides were withdrawn 
to prevent intervention of activity. The incidence of larva 
was observed such that the economic threshold level was 
attained. Five treatments with three replications each were 
planned. Spray solution (3 L/plot) of concentration (LC50伊3) 
was prepared.
   E. agallocha 3% formulation (T1), Vijay Neem® 3% (T2), 
Ekalux® 0.02% (T3), unsprayed control plot (T4) and ethanol 
control (T5) were given. A total of 100 plants were fixed per 
replication. Ten plants were earmarked in each replication 
with tags in a “hexagonal pattern” such that the plants were 
chosen from all the sides and the center of each replication 
plot. The number of larvae in the tagged plants were 
observed and noted. Spraying is done in the evening at 4 pm. 
Power sprayer (Ignition Products India Pvt. Ltd., Chennai, 
India) was employed for spraying evenly throughout the plot. 
Five doses were given in 10 days interval. The number of 
larvae was observed for every 3rd day of the spray and noted. 
Plant height and pod weight were also observed. The yield 
of pods was regularly noted during each spray. Larval count, 
healthy and damaged pods were measured in these 10 tagged 
plants in each plot and the percentage (%) is subsequently 
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calculated. Net yield is measured from the harvests done 
from 100 plants. The average of three replications was 
analyzed and compared with the controls. Yields were 
converted into quintals/hectare (q/ha).
2.6.2. Field trials in C. cajan (pigeon pea)
   In order to check the efficacy of E. agallocha formulation 
in another different geographic zone, a multi-location trial 
was conducted in pigeon pea, in Uttaranchal District, India. 
As the previous trials were done to study the comparison of 
E. agallocha with 3% Vijay Neem®, this trial was done with 
1% formulation of E. agallocha (1伊LC50) that was evaluated 
with 1% indoxacarb and 3% Nimbecidine® (reference 
control). Spraying was done in the evening. Hand sprayer 
was employed for spraying the formulations to minimize the 
wind drift.
2.7. Statistical analysis
   The results were statistically analyzed using AGRES 
package version 4. Critical difference (CD) with single 
analysis of variance was performed. In addition, the 
similarity was checked using least standard deviation (LSD).
3. Results
3.1. Observations in A. esculentus 
   Prior to the first spray in A. esculentus, the average 
infestation of H. armigera in the experimental plot was 1.85 
larva/plant. On the 9th day after the 1st spray, significant 
reduction of larval count was observed in plots sprayed with 
Vijay Neem® (70%) and Ekalux® (50%). Plots treated with 
E. agallocha formulation showed reduction in the larva 
comparable to the neem spray. Larval count in the unsprayed 
plot and the solvent control showed a marginal decrease. On 
the 9th day of the 2nd, 3rd and the 4th sprays the effect of E. 
agallocha formulation was comparable to the Vijay Neem® 
and Ekalux® controls. Unsprayed plot showed increase in 
the larva count of 1.93/plant on the 9th day of 3rd spray dose. 
On the 6th day, significant reduction was observed in all the 
treated plots. In the control plots, increase of pest incidence 
was marginal whereas on the 9th day, and a very marginal 
increase of the larval count was seen in Vijay Neem® and 
unsprayed plot. Solvent control exhibited an index of 2.00 
on the 9th day of the 3rd spray that came down to 0.4 on the 
final day of harvest.
3.1.1. Crop measurement and yield of pods
   A. esculentus sprayed with E. agallocha formulation 
attained a height of 48.4 cm with an average pod weight of 
21.6 g when compared to neem spray (20.1 g) and Ekalux® 
(24.3 g). None of the treatments exhibited significant 
difference in the height of the crop, except 3% Vijay Neem® 
that increased the plant height to 53.6 cm. Pods in the 
unsprayed plot and ethanol control plot exhibited a reduced 
weight of 15.1 g on average. Plots sprayed with Ekalux® 
(yield plot) recorded the maximum yield of 60.7 q/ha of 
healthy pods. The 3% Vijay Neem® plots being the second 
best, yielded 60.22 q/ha when compared with plots treated 
with 3% E. agallocha formulation that yielded 45.8 q/ha. The 
amount of damaged pods was more than double the weight 
(23.4 q/ha) of the yield of damaged pods obtained from the 
neem spray plot (10.03 q/ha). Unsprayed and ethanol control 
plots yielded the maximum amount of damaged pods of 61.1 
and 60.8 q/ha (Table 4). Only a few dead larvae were seen in 
the plots treated with E. agallocha formulation unlike the 
yield plot that showed conspicuous amount of morbid larva 
before the 3rd spray.
Table 4
H. armigera larval infestation chart for A. esculentus.
Treatment Number of larva/plant
Prespray Spray 1 Spray 2 Spray 3 Spray 4 Spray 5
T1 1.95 0.70b 0.40a 0.33a 0.23a 0.20
T2 1.85 0.50a 0.40a 0.23a 0.23a 0.10
T3 1.93 0.43a 0.30a 0.23a 0.40a 0.23
T4 1.93 1.90d 1.80b 1.93b 1.60b 0.43
T5 1.60 1.53c 1.63b 2.00b 1.63b 0.40
CD (P=0.05) NS 0.114 0.175 0.257 0.233 NS
T1: 3% E. agallocha; T2: 3% Vijay Neem®; T3: Yield plot (0.02% 
Ekalux®); T4: Unsprayed plot; T5: Ethanol control. Different letters in 
each column differ significantly (5%) by LSD. NS: Not significant.
   These observations in bhindi suggested that E. agallocha 
formulation exhibited detrimental effect on H. armigera 
under field conditions. But Vijay Neem® and Ekalux® 
performed better with higher yield of healthy pods. This 
might be attributed to the slow action of the formulation 
that is corroborative to the in vitro bioassays. Hence, it was 
concluded that E. agallocha formulation cannot outweigh 
the synthetic pesticides but could be an alternative for other 
biopesticides employed to control H. armigera in South 
India, as a part of the integrated pest management program.
3.2. Observations in C. cajan
   The 1% E. agallocha formulation and indoxacarb turned 
out to be the best among the treatments with an average 
larval count of H. armigera (0.0/plant) after the first spray 
and throughout the experiment. Larval population in plots 
treated with Nimbecidine® (3%) doubled itself after the 1st 
spray. However, it drastically dropped down to 1/10th of the 
count after the 2nd spray. From Day 30 till the end of the trial 
the count came down to 0.0. Control plots showed a regular 
rise in the count that depleted during the end of the trial 
owing to the harvest (Table 5).
Table 5
H. armigera larval infestation chart for C. cajan.
Treatment Number of larva/plant
Pre spray Spray 1 Spray 2 Spray 3 Spray 4 Spray 5
T1 1.03b 0.00a 0.40b 0.00a 0.00a 0.00a
T2 1.00b 2.03b 0.23b 0.60b 0.00a 0.00a
T3 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
T4 2.33c 3.50d 3.40c 1.65c 0.70b 0.33b
T5 2.70d 2.70c 3.20c 3.00d 0.80c 0.72c
CD (P=0.05) 0.062 4 0.164 2 0.220 3 0.274 0 0.090 8 0.098 0
T1: E. agallocha 1%; T2: Nimbecidine® 3%; T3: Indoxacarb 1%; T4: 
Unsprayed control; T5: Ethanol control. Different letters in each 
column differ significantly (5%) by LSD.
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   Unlike the reduced larval count of H. armigera during the 
pre-spray conditions, Spilosoma obliqua (S. obliqua) infested 
the crop generously, with an average count of 3.15/plant. The 
1% E. agallocha formulation and 1% indoxacarb exhibited 
the same degree of efficacy as observed in H. armigera 
with complete eradication of the pest after the first spray 
throughout the trial. Even though 3% Nimbecidine® failed to 
control the larval population as of the other treatments, the 
larval count came down to 0.0 after the 4th and the 5th spray. 
The average count of the larva was very high (4.5/plant) in 
the control plots that gradually decreased towards the end 
of the spray owing to the harvest (Table 6). The efficacy of 
E. agallocha formulation on H. armigera and S. obliqua 
was comparable to Indoxacarb® and marginally better in 
performance than Nimbecidine®. 
Table 6
S. obliqua larval infestation chart for C. cajan.
Treatment Number of larva/ plant
Prespray Spray 1 Spray 2 Spray 3 Spray 4 Spray 5
T1 2.04b 0.00a 0.00a 0.00a 0.00a 0.00a
T2 3.90c 1.11b 0.00a 0.25a 0.00a 0.00a
T3 0.80a 0.00a 0.00a 0.16a 0.00a 0.00a
T4 4.65d 4.25c 3.34b 1.66b 0.70b 0.35b
T5  4.34cd 4.52d 4.20c 2.04b 0.73b 0.72c
CD (P=0.05) 0.487 0 0.216 1 0.425 9 0.457 0 0.090 4 0.094 0
T1: E. agallocha 1%; T2: Nimbecidine® 3%; T3: Indoxacarb 1%; T4: 
Unsprayed control; T5: Ethanol control. Different letters in each 
column differ significantly (5%) by LSD.
   Indoxacarb plot recorded the maximum yield of 16.1 q/ha 
with 2.4% pod damage. Plots sprayed with 1% E. agallocha 
yielded 14.7 q/ha with 2.32% pod damage. The effect of 3% 
Nimbecidine® plot yielded 14.35 q/ha of pods that were 
comparable to plot sprayed with E. agallocha formulation. 
Unsprayed and ethanol control plots yielded 12.41 and 
11.2 q/ha of pods. The average pod damage was 4.7. These 
observations also suggested the efficacy of E. agallocha 
formulation in different geographical locations.
3.3. Effect of E. agallocha formulation on beneficial bacteria
   Crude extract of E. agallocha did not inhibit the growth of 
beneficial bacterial strains (non-target soil bacteria), at the 
tested concentrations.
4. Discussion
   Field trials in A. esculentus suggested that E. agallocha 
formulation was not as effective as Vijay Neem®/Ekalux®, 
in specifically protecting the young fruits from H. armigera 
infestation. The yield of healthy pods was lesser in E. 
agallocha plots (45.8 q/ha) when compared with the average 
of 60 q/ha in controls. Nevertheless, the larval count in the 
plots treated with formulation dropped down to 0.23 that 
was comparable to the control plots. Nimbecidine® spray 
exhibited 0.23 on the 9th day of the 2nd spray that increased 
to 0.6 after the 3rd spray and dropped down to 0.0 during 
the end of the trial. In a similar field study conducted at 
Maksegnit, North Gondar Administrative Zone (Ethiopia) in 
Cicer arietinum L. (chick pea), the lowest percentage pod 
damage (0.45%) was observed in diazinon 60% treated plot 
followed by neem seed kernel extract (NSKE) plot (3.9%), 
after the 2nd spray. The highest mean yield was obtained 
from NSKE treated plot (781 g) followed by diazinon 60% EC 
treated plot (719.33 g), NSKE+birbira leafs extract (656.67 g) 
and birbira leafs extract treated plot (653.33 g). Non-target 
organisms like ants and wasps were comparably decreased 
in diazinon and plots treated with botanicals[35].
   Bioefficacy of botanicals are regularly tested against 
H. armigera in chick pea. NSKE (5%) reduced the larval 
population (0.37/plant) and pod damage (10.8%)[36]. This field 
observation is similar to our present study in pigeon pea, 
where 1% spray of E. agallocha formulation brought down 
the H. armigera population to 0.4/plant after the 2nd spray. 
In a similar study in rose plant, 10% crude hexane extract of 
Dodonaea angustifolia L. against H. armigera gave similar 
results by bringing down the larval count to 0.0 from the 
9th day of the 2nd spray when compared to the unsprayed 
control where the larval population varied between 1.0 
to 1.5/pod[37]. Among neem-based products, Ponneem® 
formulation at 20 µL/L concentration exerted the maximum 
ovicidal actvity of 76.74% and 69.36% against H. armigera 
and S. litura[38]. Our present study has evaluated the growth 
inhibitory effect of the milky mangrove E. agallocha against 
H. armigera, both under in vitro and field conditions. 
Further, multi-location field trials would suggest a 
better understanding of the formulation as a feasible and 
sustainable botanical pesticide for H. armigera control.
Conflict of interest statement
   We declare that we have no conflict of interest. 
Acknowledgements
   The authors thank all the field workers who assisted 
during trials.
References
[1]    Sharma HC. Cotton bollworm/legume pod borer, Helicoverpa 
armigera (Hübner) (Noctuidae: Lepidoptera): biology 
and management. Crop protection compendium. Oxon: 
Commonwealth Agricultural Bureaux International; 2001, p. 6.
[2]    Lande SS, Sarode SV. Response of Helicoverpa armigera (Hübner) 
to pyrethroids. Pest Res J 1995; 7(1): 92-94.
[3]    Pogue M. A new synonym of Helicoverpa zea (Boddie) and 
differentiation of adult males of H. zea and H. armigera (Hübner) 
(Lepidoptera: Noctuidae: Heliothinae). Ann Entomol Soc Am 
2004; 97: 1222–1226.
[4]    Tay WT, Soria MF, Walsh T, Thomazoni D, Silvie P, Behere 
GT, et al. A brave new world for an old world pest: Helicoverpa 
Satyan Ramachandran Santhanam and Meseret C. Egigu/Asian Pac J Trop Med 2014; 7(Suppl 1): S171-S176S176
armigera (Lepidoptera: Noctuidae) in Brazil. PLoS One 2013; 8(11): 
e80134.
[5]    Hambleton EJ. Heliothis virescens as a pest of cotton, with notes 
on host plant in Peru. J Econ Entomol 1994; 37: 660-666.
[6]    Ogengalatigo MW, Obuo JE, Orotin P. Infestation and pod 
damage by Helicoverpa armigera (Hubner) on chickpea (Cicer 
arietinum L.) in Uganda. Int J Pest Manag 1994; 40: 245-248.
[7]    Jallow MFA, Zalucki MP. Within and between population 
variation in host plant preferences and specificity in Australian 
Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae). Aust J 
Zool 1996; 44: 503-519. 
[8]    Voros G. Damage by cotton bollworm (Helicoverpa armigera 
Hubner) in grapevine. Novenyvedelem 1996; 32: 229-234.
[9]    Hamity  MGA,  Guerra  VQ,  Domenech P ,  Montero  E . 
Susceptibility of six collections of maize to attack from 
Helicoverpa zea and Euxesta cluta in Jujuy, Argentina. Manejo-
Integrado-de-Plagas 1998; 50: 73-77.
[10]  Li YE, Zhu Z, Chen ZX, Wu X, Wang W, Li SJ. Obtaining 
transgenic cotton plant with cowpea trypsin inhibitor. Acta 
Gossypii Sinica 1998; 10: 237-243.
[11]  Yi B, Lu H, Chi L, Kang Z, Guan C. Investigation and control 
of the tobacco pests in the middle-western region of Jilin 
Province. J Jilin Agric Univ 1998; 20: 19-25.
[12]  Ross S. Farmer’s perception of bean pest problems in Malawi. 
Occasional Publication Series, No. 25. Lilongwe: CIAT Malawi; 
1998, p. 31.
[13]  Kashiyama T, Fujinaga M, Arai Y. Seasonal prevalence and 
occurrence of cotton bollworm, Helicoverpa armigera and its 
control in lettuce producing areas in Nagano prefecture. Ann 
Rep Kanto-Tosan Plant Prot Soc 1999; 46: 105-107.
[14]  Fitt GP. The ecology of Heliothis species in relation to 
agroecosystems. Ann Rev Entomol 1989; 34: 17-52.
[15]  Guo YY. Progress in the researches on migration regularity of 
cotton bollworm and relationship between the pest and its host 
plants. Acta Entomol Sin 1997; 40: 1-6.
[16]  Fei G, Wang YC, Chen FH, Lin HM, Li YH. Plant protection 
manual. Taiwan: Agrochemicals and Toxic Substance Research 
Institute (TACTRI), Council of Agriculture; 2010.
[17]  Biradar AP, Balikai RA, Teggelli RG. Chemical control of pod 
borer, Helicoverpa armigera (Hübner) on pigeonpea. Karnataka 
J Agric Sci 2001; 14: 500-502.
[18]  Zahid M, Hamed M. Comparative efficacy of insecticides 
against the American bollworm, Heliothis armigera “Hüb” of 
cotton. Songklanakarin J Sci Technol 2003; 25(2): 169-173.
[19]  Lahm G. Killing the very hungry caterpillar. Chem World 2004; 
1(4): 35-39.
[20]  Gunning RV, Easton CS. Endosulphan resistance in Helicoverpa 
armigera (Hübner.) (Lepidoptera: Noctuidae) in Australia. J 
Aust Entomol Soc 1994; 31: 97-103.
[21]  Rui CH, Meng XQ, Fan XL, Liang GM, Li YP. Resistence 
to insecticides in Helicoverpa armigera in Hebei, Henan, 
Shandong and Xinjiang. Acta Phytophyl Sin 1999; 26: 260-264.
[22]  Ahmad M, Arif MI, Attique MR. Pyrethroid resistance of 
Helicoverpa armigera (Lepidoptera: Noctuidae) in Pakistan. 
Bull of Entomol Res 1997; 87: 343-347.
[23]  Srinivas R, Udikeri SS, Jayalakshmi SK, Sreeramulu K. 
Identification of factors responsible for insecticide resistance 
in Helicoverpa armigera. Comp Biochem Physiol C Toxicol 
Pharmacol 2004; 137(3): 261-269.
[24]  Manikandan P. Comparative resistance of Heliothis armigera 
populations to some insecticides in different places of Tamil 
Nadu. Insect Environ 1998; 4: 9-10.
[25]  Yang Y, Li Y, Wu Y. Current status of insecticide resistance 
in Helicoverpa armigera after 15 years of Bt cotton planting in 
China. J Eco Entomol 2013; 106(1): 375-381.
[26]  AgBiTech. Brazil turning to australian agbiotech to fight insect 
plague. Toowoomba: AgBiTech; 2013. [Online] Available from: 
http://www.agbitech.com/au/home/news/brazil-turning-to-
australian-agbiotech-to-fight-insect-plague.aspx [Accessed 
on 17th August, 2014]
[27]  Ranjith MT, Prabhuraj A, Srinivasa YB. Survival and 
reproduction of natural populations of Helicoverpa armigera on 
Bt-cotton hybrids in Raichur, India. Curr Sci 2010; 99(11): 1602-
1606.
[28]  Jeyasankar A, Premalatha S, Elumalai K. Biological activities of 
Solanum pseudocapsicum (Solanaceae) against cotton bollworm, 
Helicoverpa armigera Hübner and armyworm Spodoptera litura 
Fabricius (Lepidoptera: Noctuidae). Asian Pac J Trop Biomed 
2012; 2(12): 981-986.
[29]  Kuldeep S, Raju SVS. Bioefficacy of neem based formulations 
against tomato fruit borer (Helicoverpa armigera Hubner). 
Indian J Entomol 2011; 73(2): 186-189.
[30]  Baskar K, Duraipandiyan V, Ignacimuthu S. Bioefficacy of the 
triterpenoids friedelin against Helicoverpa armigera (Hub.) and 
Spodoptera litura (Fab.) (Lepidoptera: Noctuidae). Pest Manag 
Sci 2014; doi: 10.1002/ps.3742.
[31]  Singh IB, Singh K, Singh HN. Relative efficacy of certain 
plant extracts as antifeedants against gram podborer Heliothis 
(Helicoverpa) armigera (Hüb.). Bioved 2001; 12: 41-44.
[32]  Kathiresan K, Thangam TS, Sivakumar A, Premanathan M. 
Natural pesticides from marine plants. In: Venugopalan VK, 
Balasubramanian T, editors. Marine pollution and toxicology. 
Tamil Nadu: Annamalai University; 1990, p. 435-439.
[33]  Krishnamoorthy P, Maruthanayagam C, Subramaniam P. Toxic 
effect of mangrove plant (Excoecaria agallocha L.) latex on the 
larvae of fresh water prawn Macrobrachium lamarrei. Environ 
Ecol 1995; 13: 708-710.
[34]  Santhanam SR, Subramanian M, Egigu MC, Parida A. 
Pentacyclic triterpenoids and a linear alkane from the milky 
mangrove tree (Excoecaria agallocha L.) are toxic to the larva 
of Helicoverpa armigera Hubner. (Lepidoptera: Noctuidae). Int 
J Adv Res 2014; 2(6): 1-12.
[35]  Lulie N, Raja N. Evaluation of certain botanical preparations 
against African bollworm, Helicoverpa armigera Hubner 
(Lepidoptera: noctuidae) and non target organisms in chickpea, 
Cicer arietinum L. J Biofertil Biopest 2012; 3(5): 1-6.
[36]  Bhushan S, Singh RP, Shanker R. Bioefficacy of neem and Bt 
against pod borer, Helicoverpa armigera in chickpea. J Biopest 
2011; 4(1): 87-89 
[37]  Malarvannan S, Subashini HD. Efficacy of Dodonaea 
angustifolia crude extracts against Helicoverpa armigera on 
Rose. Pestology 2006; 30(11): 9-12.
[38]  Packiam MS, Baskar K, Ignacimuthu S. Ovicidal activity 
of botanical oil formulations against Helicoverpa armigera 
Hubner. and Spodoptera litura Fabricius (Lepidoptera: 
Noctuidae). Asian Pac J Trop Med 2012; 2(Suppl 3): S1241-S1244.
